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SELF-LUBRICATING EXPANSION MANDREL FOR EXPANDABLE TUBULAR 
Cross Reference To Rdated Applications 
{001] The present application claims die heneGt of the filing dates of (1) U.S. provisional patent 
applicatim serial no. 60/412,544» attorney docket no 25791.121, filed on 9/20/2002, tbe disclosure of 
which is incorporated herein by reference. 

[002) The present application is related to the following: (1) patent application serial no. 
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no, 
09/502,350, attorney docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent no. 6,328,1 13, (5) U.S. 
patent application serial no. 09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. 
patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/511,941, attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. 
patent application serial no. 09/588.946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791 .23.02, filed on 4/26/2000, (10) PCX 
patent application serial no. PCT/USOO/1 8635, attorney docket no. 25791 .25.02, filed on 7/9/2000, (11) 
U.S. provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional patent application serial no. 60/1 54,047, attorney docket no. 25791 .29, 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney docket no. 
25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 
attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application 
serial no. 60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. provisional patent 
application serial no. 60/221,443, attorney docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional 
patent application serial no, 60/221,645, attorney docket no. 25791,46, filed on 7/28/2000, (20) U.S. 
provisional patent application serial no. 60/233,638, attmiey docket no. 25791 .47, filed on 9/1 8/2000, (2 1 ) 
U.S. provisional patent application serial no. 60/237,334, attorney docket no. 25791.48, filed on 
1 0/2/2000, (22) U.S. provisional patent application serial no. 60/270,007, attorney docket no. 25791 .50, 
filed on 2/20/2001, (23) U.S. provisional patent application serial no. 60/262,434, attorney docket no. 
25791.51, filed on 1/17/2001, (24) U.S. provisional patent application serial no. 60/259,486, attorney 
docket no. 25791.52, filed on 1/3/2001, (25) U.S. provisional patent application serial no. 60/303,740, 
attorney docket no. 25791.61, filed on 7/6/2001, (26) U.S. provisional patent application serial no. 
60/313.453, attorney docket no. 25791,59, filed on 8/20/2001, (27) U.S. provisional patent application 
serial no. 60/317,985, attorney docket no. 25791.67, filed on 9/6/2001, (28) U.S. provisional patent 
application serial no. 60/3318,386. attorney docket no. 25791.67.02. filed on 9/10/2001, (29)U.S. utility 
patent application serial no. 09/969,922, attorney docket no. 25791 .69, filed on 1 0/3/200 1 , (30) U.S. utility 
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patent q>plicatkm serial no. 10/016,467, attorney docket no. 25791.70, filed on 12/10/2001, (31) U.S. 
provisional patent ai^lication serial no. 60/343,674, attorney docket no, 25791.68, filed on 12/27/2001, 
(32) U.S. provisional patent q)plication sarial no. 60/346,309, attorney docket no 25791,92, filed on 
1/7/2002, (33) U.S. provisional patent application serial no. 60/372,048, attorney docket no. 25791.93, 
filed on 4/12/2002, (34) U.S. provisional patent application serial no. 60/380,147, attorney docket no. 
25791.104, filed on 5/6/2002, (35) U.S. provisional patent application smal no. 60/387,486, attorney 
docket no. 25791 .107, filed on 6/10/2002, (36) U.S. provisional patent q>plication serial no. 60/387,961, 
attorney docket no. 25791.108, filed on 6/12/2002, (37) U.S. provisional patoit application serial no. 
60/394,703, attorney docket no. 25791.90, filed on 6/26/2002, (38) U.S. provisional patent q)pIication 
serial no. 60/397,284, attorney docket no. 25791.106, filed on 7/19/2002, (39) U.S. provisional patent 
application serial no. 60/398,061, attorney dock^no. 25791.1 10, filed on 7/24/2002, (40) U.S. piovisional 
patent application serial no, 60/405,610, att<miey docket no. 25791.119, filed on 8/23/2002, (41) U.S. 
provisional patent q)plication serial no. 60/405,394, attorney docket no. 25791 .120, filed on 8/23/2002, 
(42) U.S. provisional patent fq>plicati(»i serial no. 60/412,542, attorney docket no. 25791.102, filed on 
9/20/2002, (43)U.S. provisional patent application serial no. 60/412,487, attorney docket no. 25791.1 12, 
filed on 9/20/2002, (44) U.S. provisional patmt plication serial no. 60/412,488, attorney docket no. 
25791 .1 14, filed on 9/20/2002, (45) U.S. provisional patent application serial no. 60/412,177, attorney 
docket no. 25791 .1 17, filed on 9/20/2002, (46) U.S. provisional patent application smal no. 60/412,653, 
attorney docket no. 25791.118, filed on 9/20/2002, (47) U.S. provisional patent application serial no. 
60/412,544, attorney docket no. 25791.121, filed on 9/20/2002, (48) U.S. provisional patent application 
serial no. 60/412,196, attorney docket no. 25791.127, filed on 9/20/2002, (49) U.S. provisional patent 
application serial no. 60/412,187, attorney docket no. 25791,128, filed on 9/20/2002, and (50) U.S. 
provisional patent application serial no. 60/412,371, attorney docket no. 25791.129, filed on 9/20/2002, the 
disclosures of which are incorporated herein by reference. 

Background of the Invention 
1003] This invention relates generally to wellbore casings, and in particular to wellbore casmgs that are 
formed using expandable tubing. 

|0041 Conventionally, when a wellbore is created, a number of casings are installed in the borehole to 
prevent collapse of the borehole wall and to prevent undesired outflow of drilling fluid into the formation 
or inflow of fluid from the formation into the borehole. The borehole is drilled in intervals whereby a 
casing which is to be uistalled in a lower borehole interval is lowered through a previously installed casing 
of an upper borehole interval. As a consequence of this procedure tfie casing of the lower interval is of 
smaller diameter than the casing of the upper interval. Thus, the casings are in a nested arrangement with 
casing diameters decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the casings and the borehole wall to seal the casings fix>m the borehole wall. As a consequence 
of this nested arrangement a relatively large borehole diameter is required at the upper part of the wellbore. 
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Such a large borehole diameter involves mcreased costs due to heavy casing handling equq>ment, large 
drill bits and increased vohnnes of drilling fluid and drill cuttings. Moreover, increased drilling rig time is 
involved due to required cemeat pumping, cemwit hardening, required equipment changes due to laige 
variations in hole diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

[005] Conventionally, at flie sur&ce cad of the wellbore, a wellhead is foimed that typically includes a 
surface casmg, a number of production and/or drilling spools, valving, and a Christmas tree. Typically the 
wellhead further includes a concentric arrangement of casings inchiding a production casing and one or 
more intermediate casings. Tbe casings are typically supported using load bearing slips positioned above 
tfie ground. The conventional design and construction of wellheads is expensive and ccMnplex. 
(006] Conventionally, a wellbore casing cannot be formed during the drilling of a wellboie. IVpically, 
the wellbore is drilled and then a wellbore casing is formed in the newly drilled section of the wellbore. 
This delays the completion of a well. 

1007) The present invention is directed to overcoming one or more of the limitations of the existmg 
procedures for forming wellbores and wellheads. 

Summary Of The Invention 
[008] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered outer surface, one or 
more grooves formed in the tapered outer surface, and a solid lubricant deposited into one or more of the 
grooves. 

[009] According to one aspect of the present invention, a self-luWcating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered outer surface, one or 
more grooves fonned in the tapered outer surface, and a self-lubricating fitai deposited onto the surface and 
into one or more of the grooves. 

[0010] According to one aspect of the present invention, a self-Iubricating expansion mandrel for 
expanding a tubular member is provided that includes a housbg having a tapered outer surface, one or 
more grooves formed in the tapered outer surface, and a fluoropolymer coating deposited onto the surface 
and into one or more of the grooves. 

[0011] According to one aspect of the present invention, a self-luWcating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered outer surface, one or 
more grooves formed in the tapered outer surfece, and a thenno-sprayed coating deposited onto die surface 
and into one or more of the grooves. 

[0012] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tq>ered outer surface, a pattern of 
grooves formed in the tapered outer surface, and a solid lubricant deposited into the pattern of grooves. 
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[0013] Acccmiing to one aspect of tbe present inventkm, a self-lubricating expansion mandrel for 
expanding a tubular membo- is provided that includes ahousing having a tq)md outer surface, apattem of 
grooves formed in the tapered outer surface, and a self-lubricating fihn deposited onto the sur&ce and into 
the a pattern of grooves. 

[0014] According to one aspect of Hie preset invention, a self-lubricatmg expansion mandiel for 
expanding a tubular memb^ is provided that includes a housing having a tapcnsd outer sur&ce, a pattern of 
grooves formed in tfie tapered outer surface, and a fluoroplymor coating deposited oato the surjbce and into 
the pattern of grooves. 

[0015] According to one aspect of tiie present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housmg having a tapered outer surfece, a pattern of 
grooves formed in tiie t£q)ered outer surface, and a thermo-sprayed coating deposited onto the surface and 
mto tfie pattern of grooves. 

[0016] According to one aspect of ftte present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided tihat includes a housing having a tapened outer sur&ce, a textured 
sur&ce formed in the tspmd <mter surface, and a solid lubricant deposited into the textured surface. 
[0017] According to one aspect of the presoit invention, a self-lubricating e}q}ansion mandrel for 
expanding a tubular member is provided ttiat includes a housing having a tapered outer surface, a textured 
sur&ce formed m the tapered outer surbce, and a self-hibricating film deposited onto the textured sur&ce. 
[0018] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that mchides a housing having a tapered outer surface, a textured 
surface formed in the tapered outer surface, and a fluoropolymer coating deposited onto the textured 
surface. 

[0019] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having a tapered outer surface, a textured 
surface formed in the tapered outer surface, and a thermo-sprayed coating deposited onto the textured 
surface. 

[0020] According to another aspect of the invention the grooves, pattern or textured surface comprises 
with troughs to having depths of between 1 and 4 microns deep and the thin fihn is deposited into the 
troughs. 

[0021] According to another aspect of the invention the grooves, pattern or textured surface comprises 
troughs to having depths of between 10 and SO microns deep and the flouropolymer coating is deposited 
into the troughs. 

[0022] According to another aspect of the invention the grooves, pattern or textured surface comprises 
troughs to having depths of between 50 and 1 50 microns deep and the thermo-sprayed coating is deposited 
into the troughs. 
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(00231 Accoidtng to another aspect oftfae present inventiixi, a method a tubular member in 

a wellbore is provided that includes forcing a lubricating grease from inside the expansion mandiel to the 
interfece between the tubular member and the mandrel while die tubular memb«^ is being e^qianded by the 
mandrel within the wellbore. 

I0a24J According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expandmg a tubular member is provided that includes a housing having a tapered outer sui&ce one or more 
grooves formed in the tapered outer sur&ce, and one or more grease flow passages connected tfuough the 
housing to one or more of the grooves. 

[00251 According to one aq)ect of the present invention, a self-lubricating ^pansion mandrel for 
expanding a tubu lar member is provided that includes a housing having a tapered outer suifece one or more 
grooves formed in the tapered outer surfece, and one or more grease flow passages connected throu^ die 
housing to one or more of the grooves and means for forcmg a lubricating grease through the grease flow 
passages into the grooves formed on the tapered outer surface of die mandrel. 

[00261 According to anodier aspect of the present invention, a self-lubricadng expansion mandrel for 
expanding a tubular member is provided that includes a housmg having an outer tapered surface including, 
one or more circumferential grooves formed in the outer surface of the tapered first end, and one or more 
grease flow passages connected through the mandrel housing to the grooves, and means for forcing a 
lubricating grease through the grease flow passages into the one or more circumferential grooves foimed on 
the surface of the mandrel. 

[0027] According to another aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing mcluding an outer surface having one or 
more axial grooves formed in the outer surface of the tapered middle, and one or more grease flow 
passages connected through the mandrel housing to the grooves, and means for forcing a lubricating grease 
through the grease flow passages into the one or more axial grooves formed on the surface of the mandrel. 
[0028] According to another aspect of the present invention, a self-iubricating expansion mandrel for 
expanding a tubular member is provided diat includes a housing having an outer surface including one or 
more grooves formed in the outer tapered surface and further having a textured pattern comprising axial 
and circumferential components, and one or more grease flow passages connected to the grooves, and 
means for forcing a lubricating grease through the grease flow passages into grooves formed on the surface 
of the mandrel. 

Brief Description of the Drawings 
[00291 FIG. 1 Is a fragmentary cross-sectional view illustrating the placement of an embodiment of an 
apparatus for creating a casing widiin a new tubular member section of a well borehole, an expansion 
mandrel and the injection of a fluidic material into a new tubular section of the well borehole for 
hydraulicly moving the expansion mandrel through and diereby expanding the tubular member. 
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[0030] FIG. 2 is a fin^entaiy cross-sectional view of one altemative embodiment of a self lubricating 
expansion mandrel having a horizontal or circumferential groove for retaining grease^ a flouropolymer» a 
ftenno-sprayed coating, a thin self-lubricating film or another solid lubricant, accoiding to certain aspects 
of the invention. 

10031] FIG. 3 is a fragmentary cross^sectional view of anodier altemathre onbodiment of a self- 
lubricating expansion mandrel according to certain aspects of tiie invention. 

[0032] FIG. 4 is a fragmentary ooss-sectional view of another alternative embodiment of a self- 
lubricating expansion mandrel according to certain aspects of the mventim. 

[0033] FIGS. SA-E are examples of groove or texture patterns that may be used according to certain 
aspects of tfa present mvCTtion. 

[0034] FIGS. 6A-E are rumples ofsurftce profiles that inay be usefiil according to certain aspect 
present invention. 

[0035] FIG. 7A-C is a schematic depiction a single exemplary trougih or groove of a pattern or textured 
sur&ce of a self-lubricating e?q>ansion mandrel subjected to a smes of steps for 7A forming the trough, 
7B depositing a tfiin self-lubricating film, and 7C retaining the self-lubricating film in the trou^ for die 
self-lubricating e}q)ansi(m mandrel. 

[0036] FIG. 8A-C is a schematic depiction a single exemplary trou^ or groove of a pattern or textured 
surface of a self-lubricating expansion mandrel subjected to a series of steps for 8A forming the trough, 
8B depositing a flouropolymer coating, and 8C retaining the flouropolymer coating in the trough for the 
self-lubricating expansion mandrel. 

[0037] FIG.9A-<^ is a schematic depiction a single exemplary trough or groove ofa pattern or textured 
surface of a self-lubricating expansion mandrel subjected to a series of steps for: 9A forming the trough, 
9B depositing a thermo-sprayed coating, and 9C retaining the thermo-sprayed coating in the trough for the 
self-lubricating expansion mandrel. 

[0038] FIG. 10 is a fragmentary cross-sectional view of one altemative embodiment of a self lubricating 
expansion mandrel having a grease delivery mechanism, and a horizontal groove for receiving, retaining 
and providing grease to the surface ofa self-lubricating expansion mandrel accordmg to certain aspects of 
the invention. 

[0039] FIG. 1 1 is a fragmentary cross-sectional view of one altemative embodiment of a self lubricating 
expansion mandrel having a grease delivery mechanism, and a groove pattern with circumferential and 
axial components for receiving, retaining and providing grease to the surface of a self-lubricating 
expansion mandrel according to certain aspects of the invention. 

[0040] FIG. 1 2 is a fragmentary cross-sectional view of one altemative embodiment ofa self lubricating 
expansion mandrel having a grease delivery mechanism, and a groove and a textured surface pattern for 
receiving, retaining and providing grease to the surface of a self-lubricating expansion mandrel according 
to certain aspects of the invention. 
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DetaOed Description of the Dlnstnitive Embodiments 
[0041] A self-lubricating »pansion mandrel is provided. In a exemplary implementation, the self- 
lubricating ejqiansion mandrel is used in conjunction witfa one or more methods for expanding tubular 
members. In this manner, the expansion of a plurality of tubularmembers coupled to one anotfa^ using the 
self-lubricating e3q)ansion mandrel may be optimized. 

10042) Aheniative embodiments of a self-lubricating expansion mandrel is also provided to form a self- 
lubricating expansion mandrel. In illustrative implementations, the self-hibricating expansion mandrel 
inchides one or more circumferential grooves, one or more axial grooves, both circumferential and axial 
grooves, one or more patterns of grooves having circumferential and axial componoits of lengdi and width, 
and/or surface textures for holding and providing a supply of grease, solid lubricant thermo-sprayed 
coatings, fluoropolymer coatings, and/or self-lubricating films to surface of die self-lubricating expansion 
mandrel and to the interface between the tapered outer surfece of the sctf-hibricating expansion mandrel 
and a tubular member during the radial expansion process. In this manner, the frictional forces created 
during the radial expansion process are reduced which results in a reduction in the required operating 
pressures for radially expanding the tubular member. The depth of the grooves, patterns, or textured 
surface is selected to facilitate mamtaining the supply of lubrication through a period of the expansion 
process depending in part upon fte type of lubrication whether grease, solid lubricant, thermo-sprayed 
coating, fluoropolymer coating or thm self-lubricating film. 

[0043] In several alternative embodiments, the apparatus and mediods are used to form and/or repair 
wellbore casings, pipelines, and/or structural supports. 

[0044] Referring initially to FIGS. 1-4, embodiments of unproved apparatus and method using a self- 
lubricating expansion mandrel for forming a wellbore casing within a subterranean formation will now be 
described. 

[0045] FIG. 1 is a fiagmentaiy cross-sectional view illustrating the placement of an embodiment of an 
apparatus for creating a casing within a new tubular member section of a well borehole, an expansion 
mandrel and the injection of a fluidic material into a new tubular section of the well borehole for 
hydraulicly moving the expansion mandrel through and thereby expanding the tubular member. As 
illustrated, a wellbore 100 is positioned in a subterranean formation 105. The wellbore 100 includes an 
existing cased section 1 1 0 having a tubular casing 1 1 S and an annular outer layer of cement 1 20. 
10046] In order to extend the wellbore 100 into the subterranean formatiwi 105, a drill string 125 is used 
in a well Imown manner to drill out material from the subterranean formation 105 to form a new section 
130. 

10047] As illustrated, an apparatus 200 for forming a wellbore casing in a subterranean formation is then 
positioned in the new section 130 of die wellbore 100. The apparatus 200 includes an expansion mandrel 
205, a tubular member 2 1 0, a shoe 2 1 5, a lower cup seal 220, an upper cup seal 225, a fluid passage 230, a 
fluid passage 235, a fluid passage 240, seals 245, and a support member 250. 
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[0048] The expansion mandrel 205 is coupled to and supported by the support member 250. The 
expansion mandrel 205 is preferably adapted to controUably expand in a radial direction. The expansion 
mandrel 205 may comprise any number of conventional commercially available »q;>ansion mandrels 
modified in accordance with the teachings of tfie present disclosure to form a self-lubricating ^cpansion 
mandrel 205. In an illustrative embodiment, the expansion mandrel 205 c<Hnprises a hydraulic ^cpansion 
tool as disclosed in U.S. Patent No. 5^48,095, tfie contents of whidi are incoiporated hmin by lefbence, 
modified in accordance with the teachings of die presait disclosure. 

10049] Thetubularmember210i5supportedbythesetf-lubricatingaq^ansic»man^^ Hietubular 
member 2 1 0 is expanded in tte radial direction and extruded off of the self-lubricating expansim mandrel 
205. Thetubuiarmember210maybe&bricatedfix)manynumberof conventional commerciallyavu^ 
matmls such as, for example. Oilfield Country Tubular Goods (OCm 13 duomium steel tubmg^casing, 
(Mrplastictubing/casing. In aprefmed embodunent, thetubularmember 210 is fabricated fiomOCTG in 
order to maximize strength after expansicm. The inner and outer diameters of the tubular manber210may 
range, for example, fix>m approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a 
preferred embodiment, the inner and outer diameters of the tubular memb^210 range fivMn about 3 to 15.5 
inches and 3.5 to 16 inches, respectively in order to optimally provide minimal telescoping effect in the 
most commonly drilled wellbore sizes. The tubular member 210 preferably comprises a solid member. 
10050] In a preferred embodiment, the end portion 260 of fte tubular member 210 is slotted, perforated, or 
otherwise modified to catch or slow down Ae mandrel 205 when it ccnnpletes Ae extrusion of tubular 
member 2 1 0. In a preferred embodiment, the length of the tubular member 2 1 0 is limited to minimize the 
possibility of buckling. For typical tubular member 210 materials, the laigth of the tubular m«nber 21 0 is 
preferably limited to between about 40 to 20,000 feet in length. 

[0051] The shoe 215 is coupled to the self-lubricating expansion mandrel 205 and the tubular member 
2 1 0. The shoe 2 1 5 includes fluid passage 240. The shoe 2 1 5 may comprise any number of conventional 
conunercially available shoes such as, for example. Super Seal U float shoe. Super Seal II Down- Jet float 
shoe or a guide shoe with a sealing sleeve for a latch down plug modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the shoe 2 1 5 com^nises an aluminum down-jet guide 
shoe with a sealing sleeve for a latch-down plug available from Halliburton Energy Services in Dallas, TX, 
modified in accordance with the teachings of the present disclosure, in order to optimally guide the tubular 
member 210 in the wellbore, optimally provide an adequate seal between the interior and exterior 
diameters of the overlapping joint between the tubular members, and to optimally allow the complete drill 
out of the shoe and pluc after the completion of the cementing and expansion operations. 
[0052] The shoe 215 liitistrated in Fig. I, includes one or more through and side outlet ports in fluidic 
communication with the fluid passage 240. In this manner, the shoe 215 optimally injects hardenable 
fluidic sealmg material into the region outside the shoe 215 and tubular member 210. 
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[0053] In die embodiments as depicted in FIGS. 2-4, the fluid passive 240 comprising an iniet 

geometry Aat can receive a dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
optimally sealed off by introducing a plug, dart and/cMr ball sealing elements into tfie fluid passage 230. 
[0054] In the illustrative embodunent depicted, a lower cup seal 220 is coupled to and supported by a 
support manber 250. The lovm cup seal 220 prevents foreign materials from ^tering die interior region 
of the tubular mmber 210 adjacent to the self-lubricating e^qiansion mandrel 20S . The low^ cup seal 220 
may comprise any numbo' of conventional commmially available cup seals sudi as, for example, TP cups, 
or Selective Injection Packer (SIP) ciq[)s modified in accordance witti the teachings of die present 
disclosure. In a pr^srted ^nbodiment, the lower cup seal 220 comprises a SIP cup seal, available from 
Hallibuiton Energy Services in Dallas, TX in order to optimally block foreign material and might also 
contain a body of lubricant adjacent to tiie expansion mandrel. 

[0055] TTie upper cup seal 225 is coupled to and supported by the support member 250. The upper cup 
seal 225 prevents foreign materials from entering the intmor region of the tubular member 2 1 0. The upper 
cup seal 225 may comprise any number of conventional commercially available cup seals such as, for 
example, TP cups or SIP cups modified in accordance with tiie teachings of the present disclosure. In a 
preferred embodiment, the upper cup seal 225 comprises a SIP cup, available from Halliburton Energy 
Services in Dallas, TX in order to optimally block the entry of foreign materials and contain a body of 
lubricant 

[0056] The fluid passage 23 0 permits fluidic materials to be transported to and from the interior r^on of 
the tubular member 210 below die self-lubricating expansion mandrel 205. The fluid passage 230 is 
coupled to and positioned within the support member 250 and the self-lubricating expansion mandrel 205. 
The fluid passage 230 preferably extends from a position adjacent to the surface to the bottom of the self- 
lubricating expansion mandrel 205. The fluid passage 230 is preferably positioned along a centerline of 
the apparatus 200. 

|0057] The fluid passage 240 permits fluidic materials to be transported to and from the region exterior to 
thetubularmember210andshoe215. The fluid passage 240 is coupled to and positioned witliin the shoe 
2 1 5 in fluidic communication with the interior region of the tubular member 210 below die self*luMcating 
expansion mandrel 205. The fluid passage 240 preferably has a cross-sectional shape that permits a plug, 
or other similar device, to be placed in fluid passage 240 to thereby block further passage of fluidic 
materials. In this manner, the interior region of the tubular member 210 below the self-lubricating 
expansion mandrel 205 can be fluidicly isolated from the region exterior to the tubular member 2 1 0. This 
permits the interior region of the tubular member 210 below die self-lubricating expansion mandrel 205 to 
be pressurized. The fluid passage 240 is preferably positioned substantially along the centerline of the 
apparatus 200. 

[0058] The fluid passage 240 is preferably selected to convey materials such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in 
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onler to optimaUy fiU the aonular legion between the self-Iubricating expansion mandrel and the tubular 
section solhatttetaiHsred or expansion conical surfeceofthe mandrel is forced against the inside diameter 
of the tubular section to thereby expand the tubular member to the size of the maximum diameter of the 
self-hibricating expansion mandrel 

100591 Pumping the fluid hydraulically forces the exterior tapered or conical sui&ce of the self- 
lubricating expansion mandrel into direct sliding contact withlhelD of the 

of the tubular member is plasticaUy deformed beyond the elastic limit of the tubular member thereby 
permanently deforming the tubularmembertoalaigerdiamet8r.signific«tpres^ 
attheinteifiu» between thetubularmembcrandlhe suifece of the self-Iubricating expansion mandrel. 
The use of a self-lubricating expansion mandrel reduces the fiiction and focilitates the prevention of 
galling as a result of instantaneous surfiice to surfece "welding" and subsequent relative movementthat 
can occur when two metals slide under high pressure without hibricatioo. 

100601 The self-lubricating expansionmandrelprovidesgroovesortroughsinatexturedsuifecethatare 

below the surfecetosurfecelnterfececontactaiBaofthe expansion mandrel, these tn^ 

filled with grease orwithmaterialsthatare solid under noimalheatand pressure conditions and that act as 

lubricants under high temperature and pressure conditions. Being solid or having a veiy high viscosity 

such as with grease, allows the lubricanttoberetained within the grooveor trough therelativemotionand 

extreme pressure between the mandrel and the tubular member cause smaU quantities of the material to 

move between the interface contacting surfaces to act as a lubricant Tie grooves or trough 

low pressure areas on the interface surface so that a substantial quantity of the lubricant continues to be 

retained during the expansion. Only small quantities are required to avoid metal to metal contact at the 

solid lubricant until interface. 

100611 The self-lubricating expansion mandrel 205 preferably has a substantially annular cross section. 
Theoutsidediameterofthe self-lubricaUng expansion mandrel 205 is preferably tapered from a minhnum 
diameter to a maximum diameter to provide a cone shape expansion surface. The wall thickness of tiie 
self-Iubricating expansion mandrel 205 may range, for example, from about 0.125 to 3 inches. In a 
prefened embodiment, tiie wall thickness of the self-lubricating expansion mandrel 205 ranges from 
about 0.25 to 0.75 inches in order to optimally provide adequate compressive strengd, with minimal 
material. The maximum and minimum outside diameters of the expansion cone 928 may range, for 
example, fiom about 1 to 47 inches. In a prefened embodiment, the maximum and minimum outeide 
diameters of the self-Iubricating expansion mandrel range from about 3.5 to 19 in order to optimally 
provide expansion of generally available oilfield tubular members. 

I0062I The self-lubricating cxpansten mandrel 205 may be fabricated from any number of conventional 
commercially available materials such as. for example, ceramic, tool steel, titanium or low alloy steel. In a 

prefened embodiment, die self-Iubricating expansion mandrel205 is fabricated from tool steel in o 
optimally provide high strength and abrasioniesistance. The suifece hardness ofthe outer surfece of the 
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self-lubricating expansion mandrel may range, for example, fiY>m about 50 RockweU C to 70 RockweU C. 
In a prefeiKd embodiment, the surfiice hardness of the outer sur&ce of self-lubricating expansion 
mandrel 205 ranges fiom about 58 RockweU C to62 Rockwell C in oider to optimally provide high yield 
strength. In a ptefeired embodiment, the self-lubricating expansion mandrel is heat tieated to optimally 
provide a hard outer sut&ce and a lesiUent interior body in order to optimally provide abrasion resistance 
and fracture toughness. 

I00fi3J no. 2 is a fiagmentaiy cross-sectional view of one ahemative embodunent of a self lubricating 
expansion mandrel having one or more circumferential grooves 12 for rataininganddistn^^ 
another solid lubricant, according to certain aspects ofthemvention. Large and deep grooves are desirable 
for retaining sufficient quantities of grease. Progresavelysmallerand more ^ 
for retaining a fluoropolymer material, a thermo-sprayed coating, and atfain self-hibricatiog fihn. 
[00641 HG. 3 is a fiagn^taiy ooss-sectional view of another attetnative embodimmt of a self- 
lubricating expansion mandrel having one or moreaxially aligned grooves 14 forietaining and distributing 
grease, or another soUd lubricant, accordingtocertainaspectsof the invention. I^anddeepgroo 
desirable for retaining sufficient quantities of grease. Progressively smaller and more shallow grooves are 
desirable for retaining a fluoropolymer material, a thermo-sprayed coating, and atiiin self-lubricating fihn 
according to certain 

[00651 FIG. 4 is a fragmentary cross-sectional view of another alternative embodiment of a self- 
lubricating expansion mandrel having a pattern of grooves 16 with circumferential and axial components 
for retaining and distributing grease, or another solid lubricant, according to certain aspects of the 
invention. Large and deep grooves are desirable for retaining suflBcient quantities of grease. Progressively 
smaller and more shallow grooves are desirable for retaining a fluoropolymer material, a tiieimo-sprayed 
coating, and a tiiin self-lubricating film according to certain aspects of tiie invention. 

[00661 FIGS. 5A-E are examples of groove or texture patterns 16A-16Etiiat may be used according to 
certain aspects of th present invention. 

[00671 FIGS. 6A and 6B are examples ofsurface profiles 18A and ISBtiiat may be useful accoiding to 
certain aspects of the present invention. 

[00681 Fig 6A depicts a surface profile tiiat comprises large and small troughs 20 and 22. respectively, 
that maybe reguUrly repeated to provide one of the patterns 16A-16E as in FIGS 5A-E or other patterns! 
(00691 Fig. 6B depicts a surface profile Hat comprises generally regular or unifomi peaks 24 and 
troughs 26. The troughs 26 and peaks 24 are depicted as relatively equal in size and number, however it 
mil be understood Uiat many of die patterns 16 of grooves or troughs contemplated will provide 
significantiy more conUict surfiice area 28 tiian the total of all area covered by tiie troughs. TTie contact 
pressure is not significantiy increased by the removal of metal contact area through the foraiation of 
grooves, a pattern or a textured surface. 
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[0070] FIGS. 7A-C schematically depict the formation of a single exemplary trough .30 or groove of a 
pattmi 16 or textured surface comprismg a phirality of such grooves or troughs to form the tapered outer 
expansion sur&ce 32 of a self-lubricating expansion mandrel 205 where the solid luMcation is provided 
by the deposition of a tfam self-lubricating fihn 34 . Such fifans may comprise Balmic C or other diamond- 
like-coatmg (DLC) preferably dq>osited as a ti^tly bonding sur&ce coating having a thicknesses of less 
than about S microns. The grooves oc troughs 30 of FIGS 7 A-C are preferably in the range of fiom about 
1 micron to 4 microns deep 36 and from about 1 micron to about 4 microns wide 3 8 to fiu^ilitate holding a 
quantity of flie deposited thin self-hibricating fihn 34 widiin the grooves or troughs 3 0. A portion will be 
retained even witfi and below the metal contacting tapered surfiu:e 32. FIG.7Adepicts finming the trough 
30 into the tapered surface 32. FIG. 7B depicts depositing a tfiin self-lubricating fihn 34 between about 1 
and 4 microns thick 35 and m an ^cemplaiy rabodiment are of even tiiidoiess with or slightly tiiicker than 
the trou^ 30 is deep 36. FIG. 7Cdq)icts a quantity ofthe self-lubricating fihn 34 retained in the trough 
30, after final machmmg of the tapered surface 32, for providing both the metal contacting areas 32 and a 
retained quantity of self-lubricating film material 34. During expansion of a tubular member 210, the 
lubrication is provided fix>m the trough 30 to the tapped expansion sur&ce 32 of the self-lubricating 
expansion mandrel 205. 

[00711 FIG. 8A-C schematically depict the fomiation of a single exemplary trough _40 or groove of a 
pattern 16 or textured surface comprising a plurality of such grooves or troughs form into a tapered 
expansion surface 42 of a self-lubricating expansion mandrel 205 where the solid lubrication is provided 
by the deposition of a fluoropolymer coating 44. Fluoropolymer materials such as PTFE, molybdenum 
disulfide, or graphite, that are solid at ambient temperatures and soft relative to the metal tapered surface 
42 of the self-lubricadng expansion mandrel 205, may be used for this purpose. The deposit thickness 45 
of such coatings 44 may be in the range of from 10 to 50 microns and in an exemplary embodiment are at 
least as thick as the grooves or troughs are deep 46. The grooves or troughs 40 of FIGS 8A-C are 
preferably in the range of from about 1 0 micron to 50 microns deep 46 and from about 1 0 micron to about 
50 microns wide 48 and thus designed for the deposition and retention of a fluoropolymer coating 44. FIG. 
8A depicts forming the trough 40 mto the tapered surface 42. FIG. 8B dqjicts depositing a fluoropolymer 
coating 44 between about 1 0 and 50 microns thick 45 and in an exemplary embodiment are at least as tiiick 
or thicker than the trough is deep 46. FIG. 8C depicts a quantity the fluoropolymer coating 44 retained in 
the trough 40, after final machining of the tapered surface 42, for providmg both the metal contacting areas 
42 and a retained quantity of fluoropolymer coating material 44. During expansion of a tubular member 
210, the lubrication is provided from the trough 40 to the tapered expansion surface 42 of the self- 
lubricatmg expansion mandrel 205. 

|0072] FIG.9A-C schematically depict the formation ofa single exemplary trough 50_ or groove of a 
pattern 16 or textured surface comprising a plurality of such grooves or troughs formed into a tapered 
expansion surface 52 of a self-lubricating expansion mandrel 205 where the solid lubrication is provided 
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by the deposition of a ihioropolymer coating 54. The grooves or troughs 50 of HGS. 9A-C are, in an 
exemphByembodiment, in the nmgsoffiom about 50 micron to 150 microns deep 56 and fiom about 50 
micron to about 150 microns wide 58 thus designed for the deposition and retention of athermo-sprayed 
coating 54. FIG. 9A depict formingthetrough50intothetapeiedsurfiice52. HO. 9B depicts depositing 
a tberaio-sprayed coating (as by detonation spray) between about 50 and 150 microns thick and, in an 
exemplaiy embodiment, are at least as thick or thicker than the trough is deep. HO. 9C depicts a quantity 
the thenno-sprayed ooatmg 54 retained m the trough 50, after final machining of flietapeted surfece 52, for 
providing bodi the metal contpcting areas 52 and a retained quantity of the thenno-sprayed coatmg 
material 54. During expansion of atubnbr member 210, the lubrication is provided fiom the trough 50 or 
groove to the tapered e}q)ansion suifiice 52 of the self-hibricating raqransion mandrel 205. 
[0073J FIG. lOisafiagmentaiycross-sectionalviewofoneahemativembodimentofaselflubricating 
expansion mandrel having a grease deJiveiy mechanism, and a circumferential groove 12 for receiving, 
retaining and provid ing grease 6 1 to the sutfoce 62 of a self-luhricating expansion mandrel 205 according 
to certain aspects of the invention. The grease delivery mechanism 60 comprises a grease supply chamber 
64 within the housing of the self lubricating expansion mandrel and one or more grease passages 68 fiom 
the grease supply chamber 64 to the outer tapered surface 62 of the self hibricating expansion mandrel 
205. Pressure within passage 230 may communicate wifli die grease suH>lydiamber 64 to fiace grease into 
the grooves 12 when Ae self lubricating expansion mandrel 205 is acting, by the hydraulic forces as 
described with regard to Fig 1 above, to expand the tubular member 210. 

(0074) FIG. 1 1 is a fragmentary cross-sectiwial view of one ahemative embodiment of a self hibricating 
expansion mandrel 205 having a grease delivery mechanism 70, and a groove pattern 16 with 
circumferential and axial components for receiving, retaining and providing grease to the surface 72 of a 
self-hibricating expansion mandrel 205 according to certain aspects of the invention. The grease delivery 
mechanism 70 comprises a grease supply chamber 74 wiftin the housing of die self lubricating expansion 
mandrel and one or more grease passages 78 from the grease supply chamber 74 to the pattern of 
groovesl6 foimed in the outer tapered surface 72 of die self lubricating expansion mandrel 205. In this 
ahemative embodiment, pressure 86 may be separately supplied through a separate pressure line 80 to 
actuate a mechanism 84 such as a piston within die grease supply chamber 74 and to force grease through 
die one or more grease passages 78 Into the groovesl6. The pressure 84 in the separate pressure line may 
be controlled to mcrease or decrease the amount of grease 71 delivered to die tapered surface 72 and to 
overcome pressures as might be created at the interfoce of the tapered surfiice 72 of the mandrel and the 
tubular member 210 when the self lubricating expansion mandrel205 is acting to expand the tubular 
members 2 10. 

I0075I FIG. 12isafiagmentarycross-sectionalviewofonealteniativeembodimentofaselflubricatmg 
expansion mandrel having a grease deliveiy mechanism 90, and a groove 12 and a textured sur&ce pattem 
16 for receivmg, retaining and providmg grease to tfie tapered surfece 92 of a self-hibricating expansion 

13 



wo 2(NM/026500 PCT/US2003/025675 
mandrel 205 accoidmg to certain aspects of the invention. The combination of giease deliv«y mechanism 
90, groove 1 2 at the leading ed^ 94 of the tapered surface 92 and the textured pattern 1 6 extending fiom 
the groove 12 toward the trailing edge 96 ofthe tapered surface of the self-lubricating expansion mandrel 
205 facilitates movement of lubrication to the area on the tapered surface where the clearance between 
tubular and mandrel is mmimum and expansion contact forces are found to by the greatest, fiiereby 
reducing frictim and reducing seizing or galling. 

[0076] The lubrication of the inter&ce between an self-lubricating expansion mandrel and a tubular 
memberduringtheradial expansion process will nowbedesoibed. During the radial expansira process, a 
self-lubricating expansion mandrel radially expands a tubular member by moving in an axial direction 
relative to the tubular mesaher The interface between the outer surftce of the tapmd portim of the 
expansion cxme and Ae innor sur&ce of the tubular member mcludes a leading edge portion and a trailmg 
edge portion. 

100771 During die radial expansion process, die leadmg edge portion is hibricated by the presence of 
lubricaticm provided on the sur&ce of the e:q)an5ion cone . However, because the radial clearance between 
the expansion cone and the tubular member in the trailing edge portion during the radial expansion process 
is typically extremely small, and the operating contact pressures betwe« the tubular member and ttie self- 
tabricating expansion mandrel are extremely high, the quantity of lubricating fluid provided to the trailing 
edge portion is typically greatly reduced. In typical radial expansion operaticms, this reduction in 
lubrication in Ae trailing edge portion increases tiie forces required to radially expand the tubular member. 
However the retained solid lubrication continues to provide a small quantity of lubrication to keep the 
metal to metal interface separated and to reduce the friction. 

[00781 An improved self-lubricating expansion mandrel may be useful for permitting a wellbore casing to 
be formed in a subterranean formation by placing a tubular member and a self-lubricating expansion 
mandrel in a new section of a wellbore, and Aen extruding the tubular member ofTof the self-lubricating 
expansion mandrel by pressurizing an interior portion of the tubular member. The apparatus and method 
further permits adjacent tubular members in the wellbore to be joined using an overlapping joint that 
prevents fluid and or gas passage. The apparatus and method further pmnits a new tubular member to be 
supported by an existing tubular member by expanding the new tubular member into engagement with the 
existing tubular member. The apparatus and method further minimizes the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
100791 An improved self-lubricating expansion mandrel may be useful for peraiitting a tie-back liner to be 
created by extniding a tubular member off of a mandrel by pressurizing and interior portion of the tubulai 
member. In this manner, a tie-back liner is produced. The apparatus and method further permits adjacent 
tubular members m the wellbore to be joined using an overlapping joint that prevents fluid and/or gas 
passage. The apparatus and method further pemits a new tubular member to be supported by an existing 
tubular member by expanding the new tubular member into engag^ent with die existing tubular member. 
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100801 An apparatus and me&od fiir expanding a tubular member is also provided that includes an 
expandable tubular member, self-lubricating expansion mandrel and a shoe. In one embodiment, the 
interior portions of the apparatus is composed of materials that pennit the mterior portions to be removed 
using a convoitional drilling apparatus. In this manner, in the event of a malfunction in a downhole 
region, the apparatus may be easily removed. 

[00811 An improved self-lubricating e?q)ansion mandrel may be useful for permittmg a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have application to the joining 
of tubular members in general. 

(00821 An improved self-lubricatmg expansion mandrel may be useful for permitting a wellhead to be 
formed including a number of expandable tubular members positioned in a concentric arrangement The 
wellhead preferably includes an outer casing that supports a plurality of concentric casmgs usmg contact 
pressure between the inner casings and the outer casmg. 

10083] An improvedself-lubricatingexpansionmandrelmaybeusefulforpennittingforformin^ 
diameter well casing. The apparatus and metfiod peanit the oreation of a well casing in a wellbare havmg a 
substantially constant internal diameter. In this manner, the operation of an oil or gas well is greatly 
simplified. 

[0084] An improved self-lubricating expansion mandrel may be useful for isolating one or more 
subterranean zones fix>m one or more other subterranean zones is also provided. The apparatus and method 
permits a producing zone to be isolated from a nonproducing zone using a combination of solid and slotted 
tubulars. In tiie production mode, the teachings of the present disclosure may be used in combination with 
conventional, well known, production completion equipment and meAods using a series of packers, solid 
tubing, perforated tubing, and sliding sleeves, which will be inserted into the disclosed apparatus to permit 
the commingling and/or isolation of the subterranean zones from each other. 

[0085] An improved self-lubricating expansion mandrel may be useful for forming a wellbore casing 
while tiie wellbore is drilled is also provided. In this manner, a wellbore casing can be formed 
simultaneous with the drilling out of a new section of the wellbore. Such an apparatus and mediod may be 
used in combination with one or more of the apparatus and methods disclosed in the present disclosure for 
forming wellbore casings using expandable tubulars. Alternatively, the medKxl and apparatus can be used 
to create a pipeline or tunnel in a time efficient manner. 

(00861 Although illustrative embodiments of the invention have been shown and described, a wide 
range of modification, changes and substitution is contemplated in the foregoing disclosure. In some 
instances, some features of the present invention may be employed witiiout a corresponding use of die 
otiier features. Accordingly, it is appropriate that the appended claims be construed broadly and in a 
manner consistent with the scope of the invention. 
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Claims 

1 . A self-lubricating expansion mandrel for expanding a tubular member, comprising: 
a housing inchiding a tapered out^ surface; 

one or more grooves fmned in the t^>ered outer surface; and 
solid lubricant retained in one or more of the grooves. 

2. The self-lubricatmg aqmnsion mandrel of claim 1, wherein the grooves comprise circumferential 
grooves. 

3. The self-lubricating expansion mandrel of claim 1, wherein the grooves comprise axial grooves. 

4. The self-hibricating expansion mandrel of claim 1, wherem the grooves comprise a pattern of 
grooves with both an axial and a circumferential component 

5. The seif-lubricating expansion mandrel of claim 4, wherein the pattern of grooves comprises a 
textured surface. 

6. The self-lubricating expansion mandrel of claim 1, wherein the solid hibricant retained m one or 
more of the grooves comprises a self-lubricating film. 

7. The self-lubricating expansion mandrel of claim 6, wherein th^deptfa of the grooves is m a range 
of between about 1 and 4 microns. 

8. The self-lubricating expansion mandrel of claim 1, wherein thesoUd lubricant retained in one or 
more of tile grooves comprises a fluoropolymer coating. 

9. The self-lubricating expansion mandrel of claim 8. wherein tiiedepth of tfie grooves is m a range 
of between about 10 and 50 microns. 

10. The self-lubricating expansion mandrel of claim 1, whereb the solid lubricant retained in one or 
more of the grooves comprises a thermo-sprayed coating. 

11. Theself-lubricatingexpansionmandrelofclaim 10, wherein tiiedeptfiofthe grooves is in a range 
of between about 50 and 150 microns. 

12. A self-lubricating expansion mandrel for expanding a tubular member, comprising: 
a housing including a tapered outer surface; 

one or more grooves fotmed in the tapered outer surface; and 

solid lubricant retained in a plurality of troughs formed in a tej^tured pattern. 

13. The self-lubricating expansion mandrel of claim 12, wherein the solid lubricant retained in the 
plurality of troughs formed in a textured pattern comprises a self-lubricjating film. 

14. The self-lubricating expansion mandrel of claim 13, wherein tiiedeptfioftiie plurality of troughs 
formed in a textured pattern is in a range of between about I and 4 microns. 

15. The self-lubricating expansion mandrel of claim 12, wherein tfie solid lubricant retained in tiie 
plurality of troughs formed in a textured pattern comprises a fluoropolymer coating. 

16. The self-lubricating expansion mandrel of claim 15, wherein tiiedeptiioftfie plurality of troughs 
formed in a textured pattern is m a range of between about 10 and 50 microns. 
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17. The self-lubricating wpansion mandrel of daim 12. wherein the solid lubricant retained in the 
phffalhy of troughs fonned in a textured pattern comprises a thenno-spiayed coadng. 

18. The self-lubricating expansion mandrel of claim 12, wherein the depdiofthepluiality of Houghs 
formed in a textured pattern is in a range of between about 50 and 1 50 microns. 

19. A self-hibricatmg expansion mandrel for expanding a tubular member, comprismg: 
a housing including a tapered aater surfece; 

one or more grooves formed in the tqjered outer surfece; and 
a grease supply chamber in the housing; 

a conduit from Ae grease supply chambo- to one or more of the grooves; and 

means for forcing grease from the greasesupply chamber trough&econduitlooneormoreofthe 
grooves. 

20. The self-lubricating expansion mandrel of claim 19, wherein the one or more grooves comprise 

circumferential grooves. 

21. The self-lubricating expansionmandrel of claim 1 9, wheremtho grooves comprise axial grooves. 

22. The self-lubricatmg expansion mandrel of claim 19, wherein the grooves comprise a pattern of 
grooves with both an axial and a circumferential component 

23. The self-lubricating expansion mandrel of claim 22, wherein the pattern of grooves comprises a 
textured surface. 
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(57) Abstract: A self-lubricartng expansion mandrel includes a system for lubricating the int^fece between the self-lubricating 
expansion mandrel and a tubular member during the radial expansion of the Uibular member. 
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SELF-LUBRICATING EXPANSION MANDREL FOR EXPANDABLE TUBULAK 
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Background of the LiventioB 

I003J ThisinveationrelatesgeneralIytowem)orecasmgs.andinpa,tlcuLff 
fonned using expandable tubing. 

10041 ConventionaUy. when a wellbore is created, a number of casings are insteUed in the boi«hole to 

prevent coUapseofthe borehole wall andtopreventundesired outflow of drilUng fluid intothefi^ 
or inflow of fluid fiom the formation fato the borehole. The borehole is drilled in intervals whereby a 

casing which istobemstaUedmalowerborehole interval is lowered throughapreviouslyi^ 

of an upper borehole interval. As a consequence of this pix>cedure the casing of die lower mterval is of 

smaUer diameter than the casing of the upper intervd. Thus, the casings are inanestedaiiangementwft^ 
casing diameters decreasmg in downward direction. Cement annuli are provided between the outer 

suifitt«s of the casings and die borehole walltoseal the casings from the borehole wall. Asac^ 
of this nested arrangement a relatively lai^ge borehole diameter is required at the upper part of the weUbore. 
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Such a large borehole diameter involves increased costs due to heavy casing handling equipment, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, inofeased drilling rig time is 
involved due to required cement pumping, cmmt hardening, required equqmient changes due to large 
variatims in hole diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

[005] Conventionally, at tfie sur&ce tnd of the wellbore, a wellhead is formed that typically includes a 
surSu^e casing, a number ofpn)duction and/or drilling spools^vatving, and a Christie T^icallythe 
wellhead fiirtfier inchides a concentric arrangement of casings including a production casing and one or 
more intermediate casings. The casings are typically suppcMled using load bearing slips positioned above 
tile ground. Hie conventional design and construction of wellheads is expensive and complex. 
[006] Convmitionally, a wellbore casing cannot be formed during tiie drilling of a wellbore. Typically, 
tiie wellbore is drilled and then a wellbore casfaig is formed in the newfy drilled section of the wellbore. 
This delays the compl^on of a well. 

[007] The present invention is directed to overcoming one or more of the limitations of die existing 
procedures for fcuming wellbores and wellheads. 

Summary Of The Invention 
[008] According to one aspect of the present invention, a self-lubricating e^qmnsion mandrel for 
expanding a tubular member is provided that includes a housing having a tq)ered outer surface, one or 
more grooves fonned in tiie taipered outer sur&oe, and a solid lubricant deposited iato one or more of the 
grooves. 

[009] According to one aspect of the preset invention, a self-lubricating expansicm mandrel for 
expanding a tubular member is provided that mcludes a housing having a tapered outer sur&ce, one or 
more grooves formed in tfie tap^^ed outer suiftce, and a self-luhricating fihn dq>osited onto the sur&ce and 
into one or more of the grooves. 

[0010] According to one aspect of the present mvention, a self-lubricating mansion mandrel for 
e3q)anding a tubular member is provided that includes a housing having a tapered outer sur&ce, one or 
more grooves formed in the tapered outer surftce, and a fluoropolymer coating deposited onto flie sur&ce 
and into one or more of tiie grooves. 

[0011] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that mcludes a housmg having a tapered outer surface, one or 
more grooves fonned in the tapered outer sur&oe, and atfaermo-sprayed coating deposited onto die surface 
and into one or more of the grooves. 

[0012] According to one aspect of the present invration, a self-lubricating expansion mandrel for 
expanding a tubular member is provided tiiat includes a housing having a tapered outer surface, a pattern of 
grooves formed in the tapered outer surface, and a solid lubricant deposited into the pattern of grooves. 
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[0013] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided diat includes a housing having a tapered outer suiifoce, a pattern of 
grooves formed in die t^)ered outer suiface, and a self*lubricating fihn deposited onto the surface and into 
the a pattern of grooves. 

[0014] According to one aspect of flie present invention, a self>lubricatmg expansion mandrel for 
expanding a tubular member is provided &at includes a housing having a t^)ered outer surfece, a pattern of 
grooves fonned in tiie tapered outer surface, and a fluoroplymer coating deposited onto the surface and into 
the pattern of grooves. 

[0015] According to one aspect of the present invention, a self-lubricating expansion mandrel for 
e^anding a tubular memb^ is provided tiiat includes a housing having a tjqjered outer sur&ce, a pattern of 
grooves formed in die t^)ered out^ surfiace, and a thermo-sprayed coatmg deposited onto the surface and 
mto the pattern of grooves. 

[0016] According to one aspect of die present invention, a self-lubricating e}q>ansion mandrel for 
e}qpanding a tubular member is provided diat inchides a housing having a tapered outer surface, a textured 
surface fonned in die t^)ered outer sur&ce, and a soUd lubricant depos^ die textured sur&ce. 
(0017) According to one aspect of die present mvention, a self-lubricating expansion mandrel for 
egqianding a tubular member is provided that includes a housing havmg a tapered outer surfoce, a textured 
surfoce formed m the tqimd outer surfoce, and a self-lubricating fihn dqiosited onto the textured surfoce. 
[0018] According to one aspect of die present mvration. a self-hibricating e3q)ansiQn mandrel for 
expanding a tubular monb^ is provided that mchides a housing havmg a tiqpered out^ surfice, a textured 
sur&ce fimned in the tapered outer surbce, and a fluoropolymer coating deposited onto the textured 
sur&ce. 

[0019] Accmling to one aspect of die present mvention, a self-lubricating e3q)ansi<Mi mandrel for 
e:q)andmg a tubular member is provided diat includes a housing havmg a tapered outer sur&ce, a textured 
sur&ce fonned in die tapered outer sur&ce, and a diermo-sprayed coatmg deposited onto the textured 
sur&ce. 

[0020) AcoMding to anodier aspect ofdieinvratioQ die grooves, pattm or textured s^ 

widi troughs to havmg depdis of between 1 and 4 microns deqp and the dim fifan is deposited into die 

troughs. 

[0021] According to anodier aspect of die invention die grooves, pattm or textured sur&ce comprises 
troughs to havmg depdis of between 10 and SO mk^ons deep and die flouropolymer coating is deposited 
into the troughs. 

[0022] According to anodier aspect of the inv^tion die grooves, pattern or textured surface comprises 
troughs to having depths of between 50 and 1 SO microns deep and die dienno-^rayed coating is dqxisited 
into the troughs. 
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[0023] According to anodier aspect of the pfesent invention, a method of expanding a tubular member m 
a wellbore is provided Ifaat inchides forcing a lubricating grease fix)m inside die expansion mandrel to tihe 
interfiu:e between the tubular member and ttie mandrel ^^e die tubular member is being expanded by the 
mandrel wi&in die wellbore. 

(0024) According to one aspect of ttie present mvention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housmg havmg a tapaned out^ sur&ce one or more 
grooves formed in the tapered outer sur&ce, and one or more grease flow passages connected through the 
housing to one or more of the grooves. 

[0025] Accordmg to one aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housmg having a tapared outer surface one or more 
grooves formed in the tapered outer surface, and one or more grease flow passages connected through the 
housing to one or more of the grooves and means for forcing a lubricating grease thrcugh the grease flow 
passages into the grooves f(xmed on the tqiered outer surface of the mandrel. 

[0026] According to anoAer aspect of the present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that includes a housing having an outer tapered surfece mcludmg, 
one or more circumferential grooves formed in the outer surface of the tapered first end, and one or more 
grease flow passages connected through tte mandrel housing to the grooves, and means for forcing a 
lubricating grease dm>ugh the grease flow passages into the one or more circumferential grooves formed on 
the surface of the mandrel. 

[0027] According to another aspect of ttie present mvention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided that mcludes a housing including an outer surface having one or 
more axial grooves fonned in the outer surface of the tapered middle, and one or more grease flow 
passages connected diroug^ the mandrel housing to the grooves, and means for forcing a lubricating grease 
through the grease flow passages into the one cm* more axial grooves formed on the sur&ce of die mandrel. 
[0028] AccOTding to anodier aspect of die present invention, a self-lubricating expansion mandrel for 
expanding a tubular member is provided diat includes a housing having an outer surface including one or 
more grooves formed in die outer tapered surface and fiirdier having a textured pattern comprismg axial 
and circumferential components, and one or more grease flow passages connected to the grooves, and 
means for forcing a lubricating grease through the grease flow passages into grooves fonned on the surbce 
of the mandrel. 

Brief Description of the Drawings 
[0029] FIG. 1 is a fragmentary cross-sectional view illustrating the placement of an embodiment of an 
apparatus for creating a casing within a new tubular member section of a well borehole, an expansion 
mandrel and die injection of a fluidic material mto a new tubular section of the well borehole for 
hydraulicly moving die ejqpansion mandrel through and thereby expanding die tubular member. 
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[00301 FIG. 2 is a fiagmentaiy cross-sectional view of (me altemative embodiment of a self lubricating 
e3q)ansion mandrel having a horizontal or circumferential groove for retaining grease, a flouropolymer, a 
tfaomo-sprayed coating, a thin self-lubricating fihn or another solid lubricant, according to certain aqiects 
of the invention. 

[0031] FIG. 3 is a fiagmentaiy cross-sectional view of another alternative embodiment of a self- 
lubricating expansion mandrel according to certain aspects of the invention. 

[00321 FIG. 4 is a fiagmoitaiy cross-sectional view of another altemative embodiment of a self- 
lubricatmg expansion mandrel according to certain aspects of tiie Invention. 

[0033] FIGS. 5A-E areexamplesof groove or texture patterns that may be used according to certain 
aspects of th presort invention. 

[0034] FIGS. 6A-E are 6xan4>les of sur&ce profiles ftatnuy be usefid according to certain aq)ec^ 
present invention. 

[0035] FIG.7A-C is a sdiematic depiction a single exemplary trou^ or groove of a pattern or textured 
smbQe of a self-lubricating e}q)ansion mandrel subjected to a series of steps for 7A forming the trough, 
7B depositing atfain self-lubricatmg film, and 7C retaining tiie self-lubricating fihn m the trough for tiie 
self-hibricating e}q)ansion mandrel. 

[0036] FIG. 8A-C is a schraiatic depiction a single exemplary trough or groove of a pattmi or textured 
sur&ce of a self-hibricating expansim mandrel subjected to a series of steps for 8A formmg Ifae trough, 
8B depositing a flouropolymer coating, and 8C retaining Ifae flouropolymer coating in the trough fix* die 
self-lubricating eaqumsion mandrel. 

[0037] FIG.PA-C is a sdieroatic depiction a single exemplary trougli or groove ofa pattern or textured 
sur&ce of a self-lubricating expansira numdrel subjected to a seines of steps for: 9A formmg die trough, 
9Bdeposithig a thermo-sprq^ coating, and SCretainingtiiedienno-sprayedcoatinginlhetrougjhfQrdie 
seU-lubricating mansion mandrel. 

[0038] FIG. 10 is a fiagmentaiy cross-sectional view of one altemative embodiment of a self lubricating 
eqiansion mandrel having a grease delivery medianism, and a horizontal groove for receiving, retaining 
and providing grease to the surfiice of a self-lubricatmg e^qpansion mandrel according to certain aspects of 
die mventim. 

[0039] FIG. 1 1 is a fiagmentaiy mss-sectional view of me ahmathre embodiment of a self lubricating 
expansion mandrel havmg a grease delivery mechanism, and a groove pattern with circumferential and 
axial components for receiving, retaining and providmg grease to the surface of a self-lubricating 
expansion mandrel accordmg to certain aspects of the invention. 

[0040] FIG. 12 is a fiagmentary cross-sectional view of one alt^native embodiment of a self lubricating 
expansion mandrel having a grease deliveiy medianism, and a groove and a textured surface pattern for 
receiving, retaming and providing grease to the surface of a self-lubricating expansion mandrel according 
to certain aspects of the invention. 
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DetaUed Description of the lUustrative Embodiments 
[0041] A self-lubricating expansion mandrel is provided. In a escemplaiy implementation, the self- 
lubricating e]q)ansion mandrel is used in conjunction with one or more methods for expanding tubular 
members. In diis manner^ die expansion of a plurality of tubular m^beis coupled to one another using the 
self-lubricating expansion mandrel may be optimized. 

[0042] Altomative embodiments of a self-iubricating expansion mandrel is also provided to form a self- 
lubricating e}q>ansion mandrel. In illustrative implementations, die self-lubricating expansion mandrel 
includes one or more circumferential grooves, one or more axial grooves, bodi circumferential and axial 
grooves, one or more patterns of grooves having circumferentia] and axial compon^ts of length and width, 
and/or surfece textures for holding and providing a supply of grease, solid lubricant, tfaermo-sprayed 
coatings, fluoropolymer coatiags, and/or self-lubricating fihns to surfece of the self-lubricatmg e}q>ansion 
mandrel and to die mteiface between die tiered outer surface of the self-lubricatmg expansion mandrel 
and a tubular member during the radial e3q)ansion process. In diis manner, die frictional forces created 
during die radial expansion process are reduced yMch results in a reduction in the required operating 
pressures for radially expanding the tubular member. The depth of die grooves, pattems, or textured 
siuface is selected to facilitate maintaining the supply of lubrication dirough a period of the expansicm 
process depending in part upon the type of lubrication whether grease, solid lubricant, diermo-sprayed 
coating, fluoropolymer coating or thin self-lubricadng film. 

[0043] In several altemative embodiments, the apparatus and mediods are used to form and/or rq>air 
wellbore casings, pipelines, and/or structural supports. 

[0044] Referring initially to FIGS. 1-4, embodiments of improved apparatus and method using a self- 
lubricating expansion mandrel for forming a wellbore casing widiin a subterranean formation will now be 
described. 

[0045] FIG. 1 is a fragmentary cross-sectional view illustrating die placemmt of an embodiment of an 
apparatus for creating a casing widiin a new tubular member section of a well borehole, an expansion 
mandrel and the injection of a fluidic material into a new tubular section of the well borehole for 
hydraulicly moving the expansion mandrel dirough and diereby e^qianding the tubular member. As 
illustrated, a wellbore 100 is positioned in a subterranean foraiation 105. The wellbore 100 uicludes an 
existing cased section 1 10 having a tubular casmg 115 and an annular outer layer of cement 120. 
[0046] In order to extend the wellbore 1 GO into the subterranean formation 1 05, a drill string 125 is used 
in a well known manner to drill out material from the subterranean formation 105 to form a new section 
130. 

[0047] As illustrated, an apparatus 200 for forming a wellbore casing in a subterranean formation is then 
positioned in die new section 130 of the wellbore 100. The apparatus 200 includes an expansion mandrel 
205, a tubular member 2 10, a shoe 2 1 5, a lower cup seal 220, an upp^ cup seal 225, a fluid passage 230, a 
fluid passage 235, a fluid passage 240, seals 245, and a support member 250. 
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[0048] The expansion mandrel 205 is coupled to and supported by the support member 250. The 
expansion mandrel 205 is preferably adapted to controllably expand in a radial direction. The expansion 
mandrel 205 may comprise any number of conventional commercially available expansion mandrels 
modified in accordance with the teachings of the present disclosure to form a self-lubricating expansion 
mandrel 205. In an illustrative embodiment, the expansion mandrel 205 comprises a hydraulic expansion 
tool as disclosed in U.S. Patent No. 5,348,095, the contents of which are incorporated berem by reference, 
modified in accordance wiA the teachings of the present disclosure. 

[0049] ThetubularmCTiber210issuppc»tedbytfaeself4ubricating^ansionmandrel205 Tlietubular 
member 2 1 0 is expanded in fte radial direction and extruded off of the self-hibricating expansion mandrel 
205 . The tubular mraber 210 may be &bricated from any number of conventional commncially available 
materials sudias» for example. Oilfield Country Tabular Goods ((XnXj), 13 chronuum steel tubing/casing, 
or plastic tubing/casing. In a preferred embodiment, tte tubular member 210 is fid>ricaledfir(m in 
order to maximize stiengdi after expansi(»i. Theinnerandouterdiametersoftb6tubularmember210m^ 
range, for exanq>le, fit>m qqxroximately 0.75 to 47 inches and 1.05 to 48 mches, respectively. In a 
prefeiied embodiment, the inner and outer diameters of the tubular member210 range fiom about 3 to 1 5.5 
inches and 3 .5 to 1 6 inches, respectively in cnder to optimally provide minimal telescoping effect m the 
most commonly drilled wellbore sizes. Tlie tubular member 210 inferably comprises a solid member. 
[0050] In a prefeired embodiment, tiie end p(Htion 260 ofthe tubular member 210^^ 
o&erwise modified to catch or slow down the mandrel 205 when it c(mq>letes the extrusion of tubular 
member 2 1 0 . In a preferred onlxxliment. Hie lengSi of Hie tubular member 2 1 0 is limited to minhnize the 
possibility of bucUfaig. For typical tubular membar210 materials, tfie length of Ihetubularmember210 is 
preferably limited to between about 40 to 20,000 ifeet in lengdi. 

[0051] The shoe 21 5 is coupled to the self-lubricating expansion mandrel 205 and the tubular member 
210. The shoe 215 mchides fluid passage 240. Theshoe215 may compriseanynumberof conventional 
commercially available shoes such as, for example, Siq>er Seal n float shoe. Super Seal n Down-Jet float 
shoe or a guide shoe with a sealing sleeve for a ktdi down plug modified in accordance with the teachings 
ofthe present disclosure. Inajneferred embodiment, tiiedK>e215c(miprisesanahmiinumdown-jet^^ 
dioe with a sealing sleeve for a latch-down plug available fiom Halliburton Eneigy Services in Dallas, TX, 
modified in accordance wiOi the teachings of the present disclosure, in order to opthnally guide the tubular 
member 210 m the wellbore, optimally provide an adequate seal between the interior and exterior 
diameters of tiie overlappmg joint between the tubular members, and to optimally allow the cc»nplete drill 
out ofthe shoe and plug after the completion of the cementing and expansion operations. 
[0052] Hie shoe 215 illustrated in Fig. 1, includes one or more throu^ and side outlet ports in fluidic 
communication with tiie fluid passage 240. In this manner, the shoe 215 optimally injects hardenable 
fluidic sealing material into the region outside the ^oe 215 and tubular member 210. 
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[0053] In the embodiments as depicted in FIGS. 2-4, the fluid passage 240 comprising an inlet 

geometry that can receive a dart and/or a ball sealing member. In tfits manner, the fluid passage 240 can be 
optimally sealed off by mtroducing a phig, dait and/or ball sealing elements into fte fluid passage 230. 
[0054] In die illustrative embodiment depicted, a lower cup seal 220 is coupled to and supported by a 
support member 250. The lower cup seal 220 prevents foreign materials from entering tfie interior region 
of the tubular member 210 adjacent to the self-lubricating e3q)ansion mandrel 205. Ibe lower cup seal 220 
may comprise any number of conventional commercially available cup seals sudi as, for example, TP cups, 
or Selective Injection Packer (SIP) cups modified m accordance widi die teachings of the present 
disclosure. In a preferred embodiment, the lower cup seal 220 comprises a SIP cup seal, available fiom 
Halliburton Energy Services in Dallas, TK in order to optimally block fcmign material and mig|it also 
contain a body of lubricant adjacent to the expansion mandrel. 

[0055] The upper cup seal 225 is coupled to and supported by die support member 250. The upper cup 
seal22S prevents foreignmateriabfiromenteringtheinteri(xrregionofdietubularm«nbe^ Theiqpper 
cup seal 225 may comprise any number of conventional commercially available cup seals such as, for 
exanq>le, TP cups or SIP cups modified in accordance with die teachmgs of the present disclosure. In a 
preferred embodunen^ die upp^ cup seal 225 comprises a SIP cup, available from Halliburton Energy 
Services m Dallas, TX in order to q>timally blodc the entry of foreign materials and contam a body of 
lubricant 

[0056] The flu id passage 23 0 permits fluidic materials to be transported to and fiom the interior region of 
die tubular member 210 below die self-hibricating expansion mandrel 205. The fluid passage 230 is 
coupled to and positioned within the support member 250 and the self-lubricating expansicm mandrel 205. 
The fluid passage 23 0 preferably extends fiom a position adjacent to die surface to the bottom of the self- 
lubricating expansion mandrel 205. The fluid passage 230 is preferably positioned along a centerline of 
the apparatus 200. 

[0057] The fluid passage 240 pmnits fluidic materials to be transported to and from die region extericn- to 
the tubular member 210 and shoe 21 5. The fluid passage 240 is coupled to and positioned widiin the shoe 
2 1 5 in fluidic communication with the interior region of the tobular member 210 below die self-lubricating 
expansion mandrel 205 . The fluid passage 240 preferably has a cross-sectional shape diat permits a plug, 
or ofh^ similar device, to be placed in fluid passage 240 to thereby block further passage of fluidic 
matmals. In this manner, the interior region of the tubular member 210 below die self-lubricating 
expansicm mandrel 205 can be fluidicly isolated fcom the region exterior to the tubular member 210. This 
permits the interior region of the tubular member 210 below the self-lubricating e3q)ansion mandrel 205 to 
be pressurized. The fluid passage 240 is preferably positioned substantially along the centerline of the 
apparatus 200. 

[0058] The fluid passage 240 is preferably selected to convey materials such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in 
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order to optimally fill the annular region between the self-lubricating expansion mandrel and the tubular 
section so tihat the tapered or expansion conical sur&ce of the mandrel is forced against the inside diameter 
of the tubular section to thereby expand tiie tubular member to the size of the maximum diameter of the 
self-hibricating expansion mandrel. 

[0059] Pumping tiie fluid hydraulically forces the exterior tapered or conical surface of the self- 
lubricating expansion mandrel into direct sliding contact witii the ID of the tubular member as 'die mat^al 
of the tubular member is plastically deformed beyond the elastic limit of the tubular member tiiereby 
permanently deforming the tubular member to a larger diameter, significant pressure and heat are g^erated 
at tiie interface between tiie tubular memb^ and the surface of tiie self-lubricating expansion mandrel 
The use of a self-lubricating expansion mandrel reduces the finiction and facilitates the prevention of 
galling as a result of instantaneous sur&ce to surfiice '^welding" and subsequent relative movement that 
can occur ^en two metals slide under high pressure witiiout lubrication. 

10060] The self-hibricating expansicmmandrelprovidesgroovesortroughsinatexturedsurbcetfaatare 
below the sur&ce to sur&ce inter&ce contact area of ftie expansion mandrel, tiiese troughs or grooves are 
filled wiA grease or witii materials that are solid und« normal heat and pressure conditions and that act as 
lubricants under high temperature and pressure conditions. Being solid or having a veiy high viscosity 
such as with grease» allows the hibricant to be retained within the groove or trough tiie relative motion and 
extreme pressure between the mandrel and the tubular member cause small quantities of tiie material to 
move between flie inter&ce contacting sur&ces to act as a lubricant The grooves or trough act as relative 
low pressure areas on the inter&ce sur&ce so ibst a substantial quantity of the lubricant ccmtinues to be 
retained during the expansion. Only small quantities are required to avokl metal to metal contact at tiie 
solid lubricant untU inter&ce. 

[0061] The self-lubricating expansion mandrel 205 preferably has a substantially annular cross section. 
The outside diameter of the self-hibricating eiqiansion mandrel 205 is preferably tapered &om a minimum 
diameter to a Dundmum diameter to imvide a cone shape expansion sur&ce. The wall thickness of tiie 
self-hibricating expansion mandrel 205 msy range, for example, fix>m about 0.125 to 3 mches. In a 
piefened embodiment, the wall tiiidmess of the self-lubricating eiqiansicm mandrel 205 ranges fiorn 
about 025 to 0.75 inches m order to optimally provide adequate compressive str»igtfa with mmimal 
miifmfti The tnAxtmiitn and mtnimiim outsidc diameters of the expansion cone 928 may range, for 
exanq>le, fiom about 1 to 47 inches. In a preferred embodiment, the maximum and minimum outside 
diameters of the self-lubricating expansion mandrel range firom about 3.5 to 19 in order to optimally 
provide e}q>ansion of g^nmlly available oilfield tubular members. 

[0062] The self-lubricating expansion mandrel 205 may be fabricated firom any number of conventional 
commercially available materials such as, for example, ceramic, tool steel, titanium or low alloy steel. In a 
preferred embodiment, the self-lubricating expansion mandrel 205 is fabricated fiom tool steel in order to 
optimally provide high strengtii and abrasion resistance. The sur&ce hardness of the outer surface of the 
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self-hibricating ejqpansion mandrel may range, for example, from about SO Rockwell C to 70 Rockwell C 
In a preferred embodiment, the suifece hardness of the outer su&ce of self-lubricating expansion 
mandrel 205 ranges fiom about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. Jn a preferred embodiment, the self-lubricating e3q)aiision mandrel is heat treated to optimally 
provide a hard out^ surfiu^e and a resilient interior body in order to optimally provide abrasion resistance 
and fiacture tou^ess. 

[0063] FIG. 2 is a fiagmentaiy cross-sectional view of one alternative mbodhnent of a self hibricating 
eaq)ansion mandrel having erne or more circumfierential grooves 12 for retaining and distributing grease, or 
another solid lubricant acccnding to certain aspects of the invention. Large and deep grooves are desirable 
for retaining sufBdrat quantities of grease. Progressively smaller and more shallow grooves are desirable 
for retafaimg a flnoropolymer material, a thsrmo-spmyed coating, and a fliin self-lubricating film. 
[0064] FIG. 3 is a fiagmentary cross-sectional view of moHm alternative embodun^t of a self- 
lubricating expansion mandrelhavingoneormoreaxiallyaligned grooves 14 for retaining and distributing 
grease, or another solid lubricant, according to certain aspects of flie invention. Larg^ and deep grooves are 
desirable for retaining sufficient quantities of grease. Progressively smaUer and more shallow grooves are 
desirable for retaining a flnoropolymer material, a thermo-sprayed coating, and a thin self-lubricating fifan 
according to certain 

(0065] FIG. 4 is a fiagmentary ooss-sectional view of anodier alternative embodiment of a self- 
lubricating eoqjansion mandrel having a pattern of grooves 16 with circumferential and axial components 
for retaining and distributing grease, or anotiier solid lubricant, according to certain aspects of the 
invention. Large and deep grooves are desirable for retaining sufficient quantities of grease. Progressively 
smaller and more shallow grooves are desirable for retaining a flnoropolymer material, a tfiermo-sprayed 
coating, and a tiiin self-lubricating film according to certain aspects of the invention. 
[0066] FIGS. SA-E areexamplesof grooveortexturepattems 16A-16Ethatmaybeusedaccordingto 
certam aspects of di present invention. 

[0067] FIGS. 6A and 6B are examples of surface profiles 1 8A and 1 8B that may be useful according to 
certain aspects of the present invention. 

[0068] Fig 6A depicts a surface profile tiiat comprises large and small troughs 20 and 22, respectively, 
that may be regularly repeated to provide one of the patterns 16A-16EasinFIGS 5A-E or other patterns. 
[0069] Fig. 6B depicts a surface profile that comprises generally regular or uniform peaks 24 and 
troughs 26. The troughs 26 and peaks 24 are depicted as relatively equal in size and number, however it 
will be understood that many of the patterns 16 of grooves or troughs contemplated will provide 
significantly more contact surface area 28 than the total of all area covered by the troughs. The contact 
pressure is not significantly increased by the removal of metal contact area through the formation of 
grooves, a pattern or a tractured surface. 



11 



wo 2004/026500 



PCT/US2003/025675 



[0070] FIGS. 7A-C schematically depict the fonnatioD of a single emnplarytrou^ .30 or groove of a 
pattern 1 6 or toctured surface comprising a plurality of such grooves or troughs to form the t^red outer 
esqiansion surface 32 of a self-lubricating expansion mandrel 205 where tiie solid lubrication is provided 
by the dqKisition of a thin self-luhricating fiOm 34. Sudi films may comprise Balinic C or other diamond- 
like-coating (piC) prefmbly deposited as atightly bonding sur&ce coating having alfaicknesses of less 
than about 5 microns. The grooves or troughs 30 of FIGS 7A-C are preferably in the range of from about 
1 micrcm to 4 microns deep 3 6 and from about 1 micron to about 4 microns wide 3 8 to fecilitate holding a 
quantity of the dqx>sited thin self-lubricating fihn 34 within die grooves (urtroughs 30. A portion will be 
retained even witii and below the metal contactmg tapoed surface 32. FIG. 7A dq>icts fanning the trough 
30 into tiie tapered sur&ce 32. FIG. 7B depots depositing a tiiin self-lubricating fihn 34 between about 1 
and 4 microns thick 3S and in an exemplary embodimrat are of even thickness witii <»r sligjxtiy thicker than 
die trough 30 is deep 36. FIG. 7Cdepkts a quantity oftiie self-lubricating fihn 34 retained mtiie trough 
30, after final machining of the tapmd surGice 32, for providing both tiie metal contacting areas 32 and a 
retained quantity of self-lubricating fihn material 34. During expansion of a tubular member 210, the 
hibrication is provided from tiie trougli 30 to tiie tspered esqpanston sur&ce 32 of tiie self-lubricating 
esqiansion mandrel 20S. 

[0071] FIG. 8A-C schematically depict the formation of a single exemplary trough „40 or groove of a 
pattern 16 or textured surface comprising a plurality of such grooves or troughs form into a tapered 
expansion sur&ce 42 of a self-hibricatmg eqpansion inandrel 205 where the solid hibrication is provided 
by tiie dqx>sition of a fluon^Iymer coatmg 44. Flucmpolymo' materials such as FIFE, molybd^um 
disulfide, or graphite, that are solid at ambient tmperatures and soft relative to the metal tapered sur&ce 
42 of tiie self-lulnicating eaqiansion mandrel 205, may be used for tiiis purpose. The deposit thickness 45 
of such coatmgs 44 may be in the range of from 1 0 to S 0 miorons and in an exCTiplary embodimmt are at 
least as thick as the grooves or trough are deep 46. Hie grooves or troughs 40 of FIGS 8A-C are 
preferably in the range of fcom about 10 micron to 50 nucrons deep 46 and frran about 10 mkron to about 
50 microns wide 48 and thus designed for the dq)osition and retenticm ofafluon^lymer coating 44. FIG. 
8A depicts forming tiie trou^ 40 into tiie tapered surface 42. FIG. 8B depicts depositing a fluoropolymer 
coating 44 between about 10 and 50 microns thick 45 and m an exemplary mbodiment are at least as tiiidc 
or thicker than the trough is deep 46. FIG. 8C depicts a quantity the fluoropolymer coating 44 retained m 
tiie trou^ 40, after final machinmg of the taipered sur&ce 42, for providing botii the metal ccmtacting areas 
42 and a retained quantity of fluoropolymer coating material 44. During expansion of a tubular member 
210, the lubrication is provided from the trough 40 to the tapered expansion sur&ce 42 of the self- 
lubricating expansion mandrel 205. 

[0072] FIG. 9A-C schematically depict the formation of a single exemplary trough 50_ or groove of a 
pattern 16 or textured sur&ce comprising a plurality of such grooves or troughs formed into a tapered 
expansion surface 52 of a self-lubricating expansion mandrel 205 where the solid lubrication is provided 
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by the deposition of a fluoropolyiiier coating 54. The grooves or troughs 50 of HGS. 9A^ are. in an 
exemplaiy embodiment, in the range of fifom about 50 micran to 150 mic^ 

mi«5ron to about 1 50 microns wide 5 8 thus designed for the deposition and retention of a flienno-sprayed 
coating 54. FIG. 9A depict fiwming the trough 50 into the tapered suifece 52. HQ. 9B depicts depositing 
a tfaeimo-sprayed coating (as by detonation spray) between about 50 and 150 mtcrons thick and, in an 
exemplaiy embodiment, are at least as thick or thicker than the trough is deep. FIG. 9C depicts a quantity 
thethermo-sprayed coating 54 retained in the trough 50, after final machining ofthelapered sui&ce 52, for 
providing both the metal contacting areas 52 and a retained quantify of tiie tiienno-sprayed coating 
material 54. During esqiansion of atubular member 210, the lubrication is provided fiom the trough 50 or 
groove to the tapered expansion sutfiice 52 of tiie self-hibiicating eaqmsioa mandrel 205. 
I0073I no. 10 is afiBgmentMycross-sectionalviewofoneahemativeembodimentofaself lubricating 
expansion mandrel having a grease deliveiy mechanism, and a circumferential groove 12 for receiving, 
retaming and providing grease61 to the surfece 62 ofa self-lubricating expansion mandrel 205 according 
to certam aspects of the invention. The grease delivery mechanism 60 comprises a grease supply chamber 
64 within the housing of the self lubricating expansion mandrel and one or more grease passages 68 fiom 
ti»e grease supply chamber 64 to the outer tapered sui&ce 62 of tiie self lubricating expansion mandrel 

205. Pressure within passage 230may communicate wifli the grease supply chamberMto force grease 
die grooves 12 when tiie self tabricating expansion mandrel 205 is acting, by die hydraulic forces as 
described wifli regard to Fig 1 above, to expaod die tubular member 210. 

(0074J no. 11 isafiagmentarycross-sectionalviewofonealtemativeembodimentofaselflubricating 
expansion mandrel 205 having a grease deliveiy mechanism 70, and a groove pattern 16 with 
circumferential and axial components for receiving, letaming and providing grease to the surface 72 ofa 
self-lubricating expansion mandrel 205 accordrngto certain aspects of the invention. The grease delivery 
mechanism 70 comprises a grease supply chamber74 witiiin tiie housing of tiie self lubricating expansion 
mandrel and one or more grease passages 78 fiom tiie grease supply chamber 74 to tiie pattern of 
groovesl 6 fi»med in tiie outer tapered suifiice 72 of tiie self lubricating expansion mandrel 205 . In tiiis 
ahemative embodhnent, pressure 86 may be separately suppUed tiirough a separate pressure line 80 to 
actuate a mechanism 84 such as a piston witiiin tiie grease supply chamber 74 and to force grease tiirough 
the one or more grease passages 78 mto die groovesl6. The pressure 84 in tiie separate pressure line may 
be controUed to increase or decrease tiie amount of grease 71 delivered to die tapered surface 72 and to 
overcome pressures as might be created at tiie interface of tiie tapered surfece 72 of die mandrel and die 
tubular member 210 when tiie self lubricating expansion mandrel205 is acting to expand tiie tubular 
members 210. 

[00751 no. 12 isafiagmentarycross-sectionalview of oneahemativeembodimentofaself lubricating 
expansion mandrel having a grease delivery mechanism 90, and a groove 12 and atextured surface pattern 
16 for receiving, rrtaining and providing grease to tiie tapered surfece 92 of a self-lubricaUng ejqansion 

13 



wo 2004/026500 PCT/US2003/025675 

inaiidrel205ac«onlii.gtoceitamas|«clsofthem^^ TTie combination ofgreasedeliveiy mechanism 
90,8roovel2attheleadingedge94ofthelaperedsurfece92andth^ 

thegioovel2 towarfthetiailingedge96oftbe1ai«RrfsuAceom^ self-lubricating expansion mandrel 
205 ficilitates movement of hihrication to the area on the tapered sur&ce where the clearance between 
tubular and mandrel is minimum and expansion contact forces are fbund to by the greatest, thereby 
reducing fiiction and reducing seizing or g^Hmg 

[0»761 The hibrication of the Interface between an self-lubricating expansion mandrel and a tubular 
inemberduriiigtheradialfflcpansionprocesswillnowbedescribed. During1heiadialexpansionp,t5cess.a 
self-iuhricating expansion mandrel radiaUy expands a tubular member by moving in an axial direction 
relative to the tubular member The interfece between the outer surfece of the tapered portion of the 

expansion cone and the hmersurfece of the tubular member mcludesaleadinge^^ 
edge portion. 

10077] Duririg the radial expansion process, Ae leading edge portion is lubricated by the presence of 

hibrication provided on the surfece ofthefflqwnsioncone. However, because the radial clearance between 

theexpansionconeandthetubularmemberinthetrailingedgepoitionduringthe^ 

is typically extremely small, and the operating contact pressures between thetubularmember and the self- 

lubricatmgexpamionmandrel are extremely high, the quantity ofhibricatingfluM 

edge portion is typically greatly reduced. In typical radial «9ansion operations, this reduction m 

tohricationmthetrailmgedgeportion increasestheferces required t^ 

However the retained solid hibrication continues to provide a small quantity of lubrication to keep the 
metal to metal interfece separated and to reduce the fiiction. 

I0078J An improved self-lubricating expansion mandrel mi^be use&l forpeimitting a wellborecasmgt^ 
be formed in a subterranean fonnation by pbcing a tubular member and a self-lubricating expansion 
nuindrel in anew section of a wellbore. and then exirudmg the tubuhr member ofFofflre self-lubricating 
expansion mandrel by pressurizing an interior portion of the tubuhr member. The iqypantus and method 
further permits adjacent tubular members in the wellbore to be johied usmg an overlapping jomt that 
prevents fluid and or gas passage. The apparatus and method fiirther permits anew tubular memberto be 
supported by an existing tubularmember by expandmg the new tubular member into engagements 
existing tubular member. The apparatus and method further minimizesthereduction in thehole sizeoflhe 
weUbore casing necessitated by tiie addition of new sections of wellbore casmg. 
I0079J An improved self-lubricating expansion mandrel may be useful for permitting a tie-back linertobe 
created by extrudingatubulw member ofifofamandrel by pressurizmg and interior portion of the ta^^^ 
member. In this mamier, a tie-back liner is produced. The apparatus and method further permits adjacent 
tubular members m the wellbore to be joined using an overlapping joint that prevents fluid and/or gas 
passage. The apparatus and metiiod further permits a new tubular member to be supported by an existing 

tubular member by expandmg the new tubular member into engagement witii the existing tubular 
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[0080] An apparatus and mediod for expanding a tubular member is also provided that includes an 
expandable tubular member, self-lubricating eiqpansion mandrel and a shoe. Jn one onbodimra^ tilie 
interior portions of the apparatus is composed of materials tiiatpmnit the interior porticms to be removed 
using a conventional drilling q)paratus. hx this manner, in ttie event of a malfunction in a downhole 
region, the apparatus may be easily removed. 

[0081] An improved self-lubricating e3q)ansion mandrel may be useful for permitting atubular liner to be 
attached to an existing section of casing. The q)paratus and method furdier have applicatim to the joining 
of tubular members in general. 

[0082] An improved self-hibricating e>q>ansion mandrel may be useful for permitting a wellhead to be 

formed including a number of expandable tubular members positioned in a ccmcentric arrangement The 

wellhead preferably includes an outer casing that supports a plurality of concentric casings using contact 

pressure between the inner casmgs and the outer casing. 

[0083] An improved self-lubricating expansion mandrel may be usefiil for permitt^ 

diameter well casmg. The apparatus and method permit flie creation of a well casing in a wellb(»e having a 

substantially constant internal diameter. In tiiis manner, the operatira of an oil or gas well is greatly 

simplified. 

[0084] An improved self-lubricating expansion mandrel may be useful for isolating one or more 
subterranean zones fiT>m one or more other subterranean zones is also provided. The apparatus and method 
perm its a producing zone to be isolated fiom a nonprodudng zone using a oombmadon of solid and slotted 
tubulars. In the production mode, die teachings of die present disclosure may be used in OMnbmatian widi 
conv^itional, well known, production completion equipment and methods using a series of packers, solid 
tubing, perforated tubmg, and sliding sleeves, which will be inserted into the disclosed apparatus to permit 
the commingling and/or isolation of the subterranean zones fiom each other. 

[0085] An improved self-Iubricatmg expansion mandrel may be useful for forming a wellbore casing 
while the wellbcHe is drilled is also provided. In diis manner, a wellbore casing can be formed 
simultaneous with die drilling out of a new section of the wellbore. Such an apparatus and mediod may be 
used in combmation with one or more of the apparatus and methods disclosed in the present disclosure for 
forming wellbore casings using expandable tubulars. Alternatively, the method and apparatus can be used 
to create a pipeline or tunnel in a time efBcient manner. 

[0086] Aldiough illustrative embodiments of die invention have been shown and described, a wide 
range of modification, changes and substitution is contemplated in the foregoing disclosure. In some 
instances, some features of the present invention may be employed without a corresponding use of the 
other features. Accordmgly, it is appropriate that die appended claims be construed broadly and in a 
manner consistent with die scope of the invention. 
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Claims 

1 . A self-hibricating expansion mandrel for expanding a tubular member, comprising: 
a housing including a tapered outer surface; 

one or more grooves formed in Ifae tapered outer surface; and 
solid lubricant retained in one or more of the grooves. 

2. The self-lubricating expansim mandrel of claim 1 , wherein die grooves comprise circumferential 
grooves. 

3. The self-hibricating expansion mandrel of claim 1, wherein tiie grooves comprise axial grooves. 

4. The self-lubricating expansion mandrel of claim 1, i^erein the grooves comprise a pattern of 
grooves witfi both an axial and a ckcumferential component 

5. The self-liihricating expansion mandrel of claim 4, wherein the jMtem of grooves ccmiprises a 
textured surface. 

6. The self-luMcating expansion mandrel of claim 1, wherein the solid lubricant r^ained m one or 
more of the grooves comprises a self-lubricatmg film. 

7. The self-lubricatmg ^cpansion mandrel of claim 6, v^erem the depth of the grooves is m a range 
of between about 1 and 4 microns. 

8. The self-lubricating expansi(m mandrel of claun 1, wherein the solid lubricant retamed in one or 
more of the grooves comprises a fluoropolymer coatmg. 

9. The 5e]f-ltthricatinge?q>an^Qn mandrel of claim 8, vAerem the depdiofthe grooves is ma range 
of between about 10 and SO mioxms. 

10. The self-liibricatmg expansicm mandrel of claim 1, herein the solid hibricant retained m one or 
more of tiie grooves comprises a fliermo-sprayed coating. 

1 1 . The self-lubricatmg expansion mandrel of claim 10, wherein flie dq)th of die grooves is in arange 
of between about SO and ISO microns. 

12. A self-iubricatmg e3q)ansion mandrel for ^andmg a tubular member, comprising: 
a housing inchidmg a tapmd outer surftce; 

one or more grooves formed in the tapered outer sur&c^ and 

solid lubricant retained in a plurality of troughs formed in a textured pattern. 

13. The self-lubricating e3q)ansion mandrel of claim 12, wherein the solid lubricant retamed in the 
pluraliiy of troughs fonned in a textured pattern comprises a self-lubricating fibn. 

1 4. The self-lubricating e3q>ansion mandrel of claim 1 3, wherein the depth of the plurality of troughs 
formed in a textured pattern is in a range of between about 1 and 4 microns. 

15. The self-Iubricating expansion mandrel of claim 12, v^erein the solid lubricant retained in the 
plurality of troughs formed in a textured pattern comprises a fluoropolymer coating. 

1 6. The seif-lubricating expansion mandrel of claim 1 5, wherein the depth of the plurality of troughs 
formed in a textured pattern is in a range of between about 10 and SO microns. 
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17. The self-lubricating expansion mandrel of claim 12, wherein the solid lubricant retained in the 
plurality of trougjis formed in a textured pattern comprises a thermo-sprayed coating. 

1 8. The self-lubricating expansion mandrel of claim 1 2, wherein the depth of the plurality of trou^ 
formed in a textured pattern is in a range of bettveen about SO and 150 microns. 

19. A self-lubricating expansion mandrel for expanding a tubular member, comprising: 
a housing inchiding a t^red out^ surface; 

one or more grooves formed m the tapered outer sur&ce; and 
a grease supply chamber m the housing; 

a conduit from the grease supply chamber to one or more of the grooves; and 
means for forcing grease from die grease supply chamber trough the conduit to one or more of the 
grooves. 

20. The self-lubricating expansicm mandrel of claim 19> herein die one or more grooves comprise 
circumfmntial grooves. 

21. The self-lubricating expansion mandrel of claim 19, wherein die grooves comprise axial grooves. 

22. The self-lubricating expansion mandrel of claim 19, wherein die grooves comprise a pattern of 
grooves widi bodi an axial and a cucumferential ccnnponent 

23. The self-hibricadng expansion mandrel of claim 22, wherein the pattern of grooves comprises a 
textured surface. 
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